Introduction
Intraoperative ultrasonic monitoring is helpful for brain tumor surgery because it demonstrates the position of surgical instruments such as microdissectors and suction tubes in the image of the surgical field. Conventional echo-guided surgery in which an echo-probe is introduced into an operating bone window has several problems : the ultrasound echo image cannot be obtained during the surgical procedures, and the initial clear image deteriorates rapidly during surgery. In the "continuous echo-guided surgery" method, originally proposed by Fujimoto et al. , an additional small cranial window into which the probe can be inserted is created, and this gives a clear image throughout the entire surgical operation in real time. However, even with this technique, a backscattering-like artifact is created by the surgical instruments, making it appear as if an instrument has been inserted from a different direction, and thus creating confusion for the surgeon. Moreover, the correct position of the suction tube tip under ultrasonic monitoring is difficult to determine because the conventional D ultrasound image appears similar, regardless of the scanning position along the tube. We have attempted to reduce the backscattering artifact by using a high-attenuation material, and to identify the position of the suction tip using attached microcapsules. Such microcapsules are now utilized in the field of medical ultrasound , and a representative example is the contrast agent Levovist Schering AG , licensed in Japan, which is coated with palmitic acid. Here we propose a new application of these microcapsules by attaching them to the surface of a suction tube, instead of injecting them into blood vessels.
Methods
To suppress the backscattering-like artifact from a -mmdiameter brass suction tube was coated with a high-attenuation, In brain tumor surgery using the ultrasonic monitoring technique, surgical instruments such as microdissectors and suction tubes create imaging artifacts. In addition, recognition of the correct position of the suction tube tip under ultrasonic monitoring is difficult because conventional D ultrasound creates similar images regardless of the scanning position along the tube. The backscattering-like artifact from these surgical instruments is caused by ringing vibrations generated on the tube by the ultrasonic monitoring pulse. We have attempted to suppress this type of artifact in vivo using a suction tube covered with a high-attenuation heat-shrinkable coating devised on the basis of in vitro experiments, and confirmed that this was effective. To identify the position of the suction tip on the ultrasound image, -µm-radius microcapsules having a hard plastic shell were attached to the metal tube tip. The microcapsules vibrate in synchronization with the ultrasound monitoring pulse and regenerate harmonic signals, based on the same principle as contrast agents used in ultrasound imaging. By using the nd harmonic imaging method, the metal tube tip was found to be selectively emphasized on the ultrasound image. It is anticipated that these improvements will make intraoperative ultrasonic monitoring a more powerful tool for brain tumor surgery. 
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Results
In the in vitro experiments using the coated or uncoated tube, backscattering was created by the uncoated tube at the side opposite to the ultrasound signal. On the other hand, the coated tube produced no backscattering, as shown in Fig. . are approximately dB larger than those from other sample parts, and the metal tube tip can be selectively emphasized by using the nd harmonic imaging method.
Discussion and Conclusion
As backscattering from the suction tube appears at the side opposite to the ultrasound beam, it creates a false image of the We have thus proposed a suction tube configuration that reduces the artifact generated upon exposure to ultrasound. The artifact can be suppressed in vivo by coating the instrument with a high-attenuation, heat-shrinkable tube. By utilizing microcapsule vibration, it is possible to visualize the tip of a brass tube clearly using the nd harmonic imaging method, and these techniques will undoubtedly be helpful for brain tumor surgery.
